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Abstract 
The study investigated the speech intelligibility of Cantonese-speaking children with cochlear 
implants.  Word and sentence intelligibility of 18 cochlear implant users with prelinguistic 
bilateral profound hearing loss were compared with that of 18 normal hearing children with 
similar years of hearing experience.  Participants were invited to name 31 pictures and read 
aloud 19 sentences.  Intelligibility scores were obtained by requiring naïve listeners to rewrite 
the words produced by the participants.  The intelligibility scores of the cochlear implant 
users were generally lower than that of the normal-hearing peers with comparable years of 
hearing experience of age two to eight years.  An average delay of around four years was 
observed in the development of speech intelligibility of cochlear implant users.  
Developmental and non-developmental phonological rules, as well as vowel and tone errors 
were observed in the speech of the children with cochlear implants.  Intelligibility of cochlear 
implant users increased with the duration of cochlear implant usage without ceiling effect or 
presence of plateau.  Clinical implications of the findings were discussed.  
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Speech Intelligibility of Cantonese-speaking Children with Cochlear Implants 
       Speech perception and production abilities of individuals with hearing impairment have 
been of great interest to researchers in the field.  As suggested by Ling (2002), hearing ability 
was one of the most important factors in speech development.  The decreased speech 
intelligibility of the hearing-impaired population was caused by impairment in speech 
perception, which made the population special and worth investigating (Tobey, 1993).  
Osberger, Maso and Sam (1993) also stated that children with high level of speech 
intelligibility were always those with good speech perception ability.   
       It was suggested by researchers (Dodd & So, 1994; Flipsen & Parker, 2008; Law & So, 
2006; Osberger & McGarr, 1982) that children with hearing impairment did not only show 
delay in phonological development, but also demonstrated deviant characteristics.  For 
instance, in the study of Dodd and So (1994), Cantonese-speaking children with hearing loss 
demonstrated in their speech the use of both developmental phonological processes (e.g. 
stopping, deaspiration and cluster reduction) and non-developmental phonological processes 
(e.g. frication, backing, addition and initial consonant deletion) at mean age of five years and 
seven months, despite having nearly complete phonetic repertoire.  Gold (1980), in his 
comprehensive review of speech production in the hearing-impaired population, also 
mentioned that only around 20% of the speech by children with severe-to-profound hearing 
impairment could be understood by inexperienced listeners.   
       In the past, people with hearing impairment relied on the use of hearing aids.  Hearing 
aids amplified incoming auditory signals that entered the ear canal, depending on the input 
signal and individual’s hearing loss configuration (Mueller, Johnson & Carter, 2007).  More 
energy then transferred through the ear canal to stimulate the cochlea and thus the auditory 
nerve (Ross, 1996).  Individuals with mild to moderate conductive hearing loss could benefit 
from using hearing aids in the perception of speech sounds.  However, individuals with 
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profound hearing loss gained little benefit from the use of conventional hearing aids in terms 
of speech perception and production (Osberger et al., 1993).  In individuals with severe to 
profound sensorineural hearing loss, hair cells in the cochlea were generally damaged and 
they could not regenerate spontaneously (Shepherd, Meltzer, Fallon, & Ryugo, 2006).  Thus, 
when amplified signals entered the cochlea, they could hardly be converted into electrical 
energy by the damaged hair cells.  In recent decades, a novel technology, the cochlear 
implant, provided an alternative for this population.  In cochlear implantation, electrodes 
were implanted in the ear surgically, with a microphone worn externally (House & Berliner, 
1991).  Cochlear implants converted mechanical sound energy in incoming sound waves into 
electrical signals, which bypassed the cochlea and stimulated the auditory nerve directly, 
producing a sensation of sound (Eisen, 2006).  Cochlear implants provided auditory cues to 
individuals with severe to profound hearing impairment, raising auditory awareness and 
increasing speech perception ability (Shepherd et al., 2006).  
       A substantial amount of researches compared the phonological abilities and speech 
intelligibility of individuals with cochlear implants and hearing aids, as the effectiveness of 
these prosthetic devices for the hearing impaired population had been a popular issue (Chin, 
Tsai & Gao, 2003; Law & So, 2006; Osberger et al., 1993; Svirsky & Chin, 2000; Tomblin, 
Spencer, Flock & Tyler, 1999).  In most of the studies, it was suggested that cochlear 
implants supported the development of speech intelligibility in children, with efficacy at least 
as high as that of hearing aids (Svirsky & Chin, 2000).  Some studies, for instance the one by 
Law and So (2006), suggested that for Cantonese-speaking children who were 
prelinguistically deaf, those with cochlear implants had even better phonological abilities 
than those using conventional hearing aids.   
       Although cochlear implantation seemed to have an advantage over conventional hearing 
aids, speech intelligibility of children with cochlear implants were found to be lower than 
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their normal-hearing peers.  In the study of Fung and University of Hong Kong (2007), 
Cantonese-speaking cochlear implant users with hearing experience of two years and a half 
still had lower speech intelligibility than the normal-hearing peers with comparable years of 
hearing experience.  Similar findings were yielded in the English-speaking population, as 
Chin et al. (2003) suggested that after more than five years of auditory experience, the 
intelligibility of children with cochlear implant was on average lower than that of children 
with normal hearing.   
       In spite of their lower speech intelligibility at young age, cochlear implant users 
continued to show improvement with longer device use.  Fung & University of Hong Kong 
(2007) suggested that speech intelligibility increased with the duration of cochlear implant 
usage in the Cantonese-speaking population at least until five years of hearing experience.  In 
Persian-speaking population, 78% of cochlear implant users were found to have speech 
intelligible to all listeners after five years of device usage, showing a great increase compared 
with 0% at one year post implantation (Bakhshaee et al., 2007).  In the study of Calmels et al. 
(2004) in English-speaking population, speech intelligibility of 34% children with cochlear 
implants scored the maximum in the Speech Intelligibility Rating, which meant connected 
speech was intelligible to both familiar and non-familiar listeners, five years post 
implantation.  A total of 80% of children having cochlear implantation for five years showed 
some degree of intelligible speech (Calmels et al., 2004).  The research by Allen, 
Nikolopoulos and O’ Donoghue (1998) was in line with the findings of Calmels et al. (2004).  
Allen et al. (1998) further suggested that children with cochlear implants continued to 
develop intelligible speech after five years post implantation, without showing plateau.  
However, limited research has been done to compare the speech intelligibility between 
Cantonese-speaking children with cochlear implant and normal-hearing peers with hearing 
experience beyond five years.   
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       With younger age of implantation, extensive training and advanced technology, it was 
highly possible that speech intelligibility of cochlear implant users had improved in great 
extent, or even be comparable to that of normal hearing peers in later years (Fung & 
University of Hong Kong, 2007).  Therefore, the current study aimed at comparing the 
speech intelligibility of Cantonese-speaking cochlear implant users with normal-hearing 
children with two to ten years of hearing experience.  The relationship between intelligibility 
and duration of use of cochlear implants would also be investigated.  Last but not least, 
phonological processes used by individuals with cochlear implants would be analyzed and 
compared to normal-developing children.  The results from the current study would give 
insights to the efficacy and the expectations of the outcomes of pediatric cochlear 
implantation. In particular, giving the rising trend of inclusive education of hearing impaired 
school-age children into mainstream schools, it was essential to know whether the speech 
intelligibility of cochlear implant users were age-appropriate and well understood by adults 
(Chin et al., 2003).  Thus, the findings of this study could act as a preliminary guideline of 
the choice of preschool and school age educational placement.  In addition, the results could 
inspire the training direction for children with cochlear implants at different ages, as well as 
the counseling for potential users and those in the rehabilitation process.  Last but not least, 
the findings in the current study could be used to compare with similar researches on 
intelligibility of cochlear implant users in foreign languages as reviewed by Flipsen (2008).    
       Three hypotheses were generated accordingly: 
1. The speech intelligibility of children with cochlear implants would be comparable to 
that of children with normal hearing.  This hypothesis was based on the assumption that 
speech intelligibility of cochlear implant users improved with longer duration of usage 
of device, younger age of implantation and advanced technology (Fung & University of 
Hong Kong, 2007; Tobey & Hasenstab, 1991).  In the study of Persian-speaking 
SPEECH	  INTELLIGIBILITY	  OF	  COCHLEAR	  IMPLANT	  USERS	  
	  
7	  
population, 78% of children with cochlear implants could have speech intelligible to all 
listeners after five years of cochlear implantation (Bakhshaee et al., 2007).  
2. The speech intelligibility of children with cochlear implants increased with the duration 
of cochlear implant usage.  In the study of Fung and University of Hong Kong (2007), 
speech intelligibility increased with the duration of cochlear implant usage from 2;06 to 
5;02 years of hearing experience in the Cantonese-speaking population.  The current 
study would extend the age to beyond five years of hearing experience to observe if the 
increase of speech intelligibility continued afterwards or if there would be any plateau.   
3. Developmental and non-developmental (unusual) phonological processes occurred in 
the speech produced by children with cochlear implants.  In the study of Dodd and So 
(1994), children with hearing aids showed both developmental and non-developmental 
phonological errors in their speech.  Developmental phonological processes were the 
error patterns observed in more than ten percent of normally developing children, 
whereas non-developmental processes, or unusual rules, were the error pattern used by 
less than ten percent of typically developing children (Law & So, 2006; So & Dodd, 
1994; So & Dodd, 1995).  Flipsen and Parker (2008) also observed both developmental 
and unusual phonological patterns in the speech of English-speaking children with 
cochlear implants.  The study aimed at observing the phenomenon in the population of 
Cantonese-speaking cochlear implant users.   
       Speech intelligibility referred to the match between the words intended by the speaker 
and that perceived by the listener (Schiavetti, 1992).  In other words, it meant how well the 
listener could convey the message of the speaker.  Speech intelligibility was necessary for 
oral communication and to a great extent determined the communicative competence of an 
individual (Connolly, 1986; Schiavetti, 1992).  Thus, it was chosen to be tested in the current 
study. Between the two methods of assessing speech intelligibility, word identification task 
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was preferred over scaling procedures in the current study.  As suggested by Schiavetti 
(1992), scaling procedures, especially with the use of interval scales, should not be adopted in 
the assessment of speech intelligibility because of the misuse of the scale by listeners resulted 
from the non-linear property of intelligibility.  In contrast, validity and reliability of word 
identification tasks had been established and was preferred over scaling procedures (Kent, 
Weismer, Kent & Rosenbek, 1989; Schiavetti, 1992). Word identification task was also used 
in most studies of intelligibility of cochlear implant users (Chin et al., 2003), as well as in a 
variety of studies on intelligibility, for example, of children with cleft palate (Whitehill & 
Chau 2004).   
       In the current study, cochlear implant users would be compared to normal-hearing peers 
with similar years of hearing experience, instead of chronological age.  Since children with 
cochlear implants had a period of auditory deprivation at early age, the hearing experience of 
individuals with hearing impairment would be less than that of normal hearing individuals 
given equal chronological age (Chin et al., 2003).  Therefore, length of hearing experience 
was controlled in the current study for fair comparison between the two groups.  For children 
with normal hearing, the years of hearing experience would be equal to their chronological 
age.  For children with cochlear implants, the years of hearing experience would be 
equivalent to their length of cochlear implant use.   
Method 
Participants 
       Cochlear implant (CI) group.  Eighteen native Cantonese-speaking children with 
cochlear implants were recruited in the study.  All of them were prelinguistically deafened.  
Prelinguistic deafness was defined as suffering from profound hearing loss at or before 18 
months of age (Tye-Murray, Spencer & Woodworth, 1995).  Previous audiological 
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assessment revealed that all of them had bilateral profound sensorineural hearing loss.  Their 
chronological ages ranged from 4;09 to 11;05.   
       They were divided into three groups according to their years of hearing experience with 
two-year-band between groups.  The mean years of hearing experience of the three groups 
were 2;08, 4;06 and 8;04 respectively.  The year of hearing experience was calculated by the 
age of cochlear implant fitting.  The children were fitted with cochlear implants at an average 
age of 2;08, with the range of 1;03 to 6;11.  All of them were fitted with Nucleus 
multichannel cochlear implants.  Eleven participants were fitted with Advanced Bionic 
Cochlear Implant, three with Nucleus 5, three with Cochlear ESPrit 3G and one with Nucleus 
Freedom.  The participants were recruited from local centres and schools for the deaf.  All 
participants received speech and/or auditory training, with the duration of around one to nine 
years.   
       Table 1 showed the participants’ age, sex, average hearing threshold and duration of 
training.  Apart from hearing impairment, the children had no known developmental 
problems or medical conditions such as visual, cognitive or physical impairment, emotional 
or behavioral problem or other neurological disorder that might affect speech and language.   
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Table 1.  
Descriptive information of participants with cochlear implants 
     Unaided levelc Aided levelc  
P CA Sex CI 
experiencea 
Age 
groupb 
PTA 
right 
PTA 
left 
PTA 
right 
PTA 
left 
250 
Hz 
Duration of 
trainingd 
A 4;09 F 1;03 Y 90 >113 45 33 33 1;02 
B 6;04 F 2;02 Y >112 115 53 37 38 2;04 
C 7;11 M 2;04 Y >120 >117 32 53 28 2;02 
D 6;00 M 3;01 Y >117 108 58 37 38 2;04 
E 5;07 F 3;05 Y >118 115 40 57 43 1;04 
F 5;05 F 3;07 Y 115 103 38 >58 38 1;04 
G 10;11 M 4;00 M 105 >117 >80 40 33 4;06 
H 6;03 M 4:03 M 110 97 22 40 18 2;05 
I 5;07 M 4;04 M 117 100 38 47 48 2;05 
J 6;04 M 4;04 M >118 90 40 53 33 2;04 
K 6;04 M 4;05 M 115 107 23 42 13 2;04 
L 8;00 M 5;06 M >118 115 42 60 53 5;00 
M 9;11 F 7;05 E 115 97 43 - 38 7;03 
N 11;05 F 7;07 E >120 107 38 52 33 7;05 
O 10;05 M 8;03 E 107 >117 43 17 23 8;01 
P 11;01 M 8;05 E 117 100 38 47 48 8;08 
Q 10;11 M 8;08 E >120 >120 30 87 43 8;04 
R 11;02 M 9;07 E >115 103 28 - 28 9;03 
Note.  P = participant; CA = chronological age; M = male; F = female; PTA = Pure Tone 
Average of thresholds at 500, 1000 and 2000 Hz; Hearing level at 250Hz, better ear 
aCI experience: years of hearing experience from cochlear implantation. bAge group Y: 
Youngest group; M: Middle group; E, Eldest group. cAided and unaided level: threshold 
expressed in dBHTL. dDuration of training: speech and/or auditory training. 
 
       Normal hearing (NH) group.  Another eighteen native Cantonese-speaking children 
with normal hearing were recruited.  They were reported by caregivers to be free from 
hearing impairment and passed the Ling 7 Sound Test.  The participants’ age ranged from 2; 
02 to 9;09.   
       They were divided into three groups according to their chronological age, with two-year-
band between groups.  The mean ages of the three groups were 3;01, 4;06 and 7;09 
respectively.  They were matched with the CI group in terms of years of hearing experience 
and sex.  There was no significant difference on years of hearing experience between the CI 
group and NH group (F(1, 34) = .749, p = .393).     
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       The participants were recruited in local schools and churches.  All children were 
attending local mainstream kindergarten or primary school.  They had no known 
developmental problems or medical conditions that might affect speech and language.  
       Listeners.  Twelve naïve listeners were invited.  Their age ranged between 20 and 53 
years, with at least secondary school education.  They were native Cantonese speakers with 
no dialectal influence.  They reported no known physical impairment such as hearing, visual, 
cognitive or physical impairment, or neurological disorder that might affect speech and 
language.  They had minimal experience in listening to the speech of hearing impaired 
individuals.  Naïve adults with minimal experience with hearing impaired children rather than 
clinician were invited as listeners because distorted speech was generally more intelligible to 
experienced therapist than to average listeners (McCroskey & Mulligan, 1963; Osberger & 
McGarr, 1982).   
Material 
       Single-word intelligibility.  Single-word production was obtained from each participant 
using Part One of Cantonese Segmental Phonology Test (CSPT) (So, 1993).  The 31 words 
included in the test were depicted in pictures.  All 19 initial and six final consonants, 11 
vowels, 11 diphthongs and six contrastive tones in Cantonese were sampled in the test words 
(see Appendix A).  A picture book was presented to the participant.  The participants were 
prompted to produce the target words by naming the pictures.  When the participants failed to 
name the pictures spontaneously, verbal prompts followed by modeling were given by the 
author.   
       Connected speech intelligibility.  Connected speech sample was obtained from each 
participant by requiring the participants to produce 19 sentences.  The sentences were 
constructed using the words in the part of single-word intelligibility.  Each sentence 
contained four to five words, with the 31 words appearing in single-word list being the target 
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words (see Appendix B).  A picture book with written words was presented to the 
participants.  The participants were asked to read the written sentences.  When they failed to 
read the sentences spontaneously, modeling was provided.   
Procedure 
       Recording.  Each participant was assessed individually in a quiet room by the author.  
The author spent the first five minutes building rapport with the participant.  Then, single-
word intelligibility and connected speech intelligibility were assessed.  The process was 
audio-recorded using Sony ICD-PS312 recorder with microphone. The microphone was 
placed at chest level of the participants to keep constant mouth-to-microphone distance.  
       Editing.  In the recording of each participant, extraneous materials (e.g. the author’s 
model) was removed by editing.  The sound files of single words and sentences were then 
randomized within each participant.  One participant was randomly chosen from each of the 
six groups (three age groups in CI group and NH group respectively).  The recorded sound 
files of the six participants were inserted into a PowerPoint file, and the sound files were 
randomized across the participants.  Six different PowerPoint files were created using this 
method.  Each PowerPoint file was listened by two adult listeners.  In other words, every 
production of each participant was listened by two listeners to minimize bias of listeners.   
       Rating.  The listeners participated in the listening task individually in a quiet room. 
Stimuli were presented using stereo headphones.  The listeners were instructed to click the 
sound files in the PowerPoint manually to ensure the pace was suitable for individual 
listeners.  They were asked to listen to each sound file for no more than three times.  Each 
listener was given a recording sheet and asked to write down what they heard from the sound 
files (see Appendix C).  Writing was preferred to choosing from multiple-choice answers 
because it ensured that no forced choice would be made and thus yielded more accurate 
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answers.  The listeners were encouraged to write English words with similar sounds if they 
could not find Cantonese homophones for the heard words.   
Data analysis  
       Score of Intelligibility.  Each word correctly written down by the listeners was given 
one point.  The written word was regarded as correct if it was the exact word or the 
homophone of the target word.  For single-word intelligibility, the score of each participant 
was calculated by counting the number of single words written correctly and averaging the 
scores given by the two listeners.  The score was then divided by 31 times 100 to give a 
percentage.  For connected speech intelligibility, the score of the target words was added up 
and the scores given by the two listeners were averaged.  The score was then divided by 31 
times 100 to give a percentage.  The overall speech intelligibility was calculated by averaging 
the percentage scores of single-word intelligibility and connected speech intelligibility.   
       Phonological processes.  The author transcribed the speech obtained from the CI group 
in audiotapes to identify the phonological error patterns.  The phonological measures were 
thus derived from both single-word and connected speech.  A phonological process was 
considered present if it was used by the participant twice in different lexical items (Dodd & 
So, 1994).  
       Statistical analysis.  Since the data did not support the assumptions of normal 
distribution and equal variance required for parametric tests, nonparametric tests were used.  
Mann-Whitney U tests were used to investigate any significant difference between the overall 
intelligibility scores in the CI group and the NH group in each age range.  Spearman’s rank 
correlation was also calculated to investigate the relationship between duration of usage of 
cochlear implants and the speech intelligibility in the CI group.   
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Results 
Speech Intelligibility 
       The scores of the 36 participants in CI group and NH group were shown in Table 2.  The 
scores were presented in percentage.   
Table 2.  
Speech intelligibility scores of all participants 
Cochlear Implant Group Normal hearing group 
P Single-
worda 
Connected 
speecha 
Overalla  P Single-
worda 
Connected 
speecha 
Overalla  
Youngest group 
A 25.0 33.1 29.1 a 66.1 77.4 71.8 
B 14.5 29.0 21.8 b 84.7 92.7 88.7 
C 28.2 50.0 39.1 c 69.4 95.2 82.3 
D 74.2 78.2 76.2 d 87.9 87.9 87.9 
E 75.8 87.9 81.9 e 87.9 91.1 89.5 
F 23.4 44.4 33.9 f 62.9 82.3 72.6 
Mean 40.2 53.8 47.0 Mean 76.5 87.8 82.1 
Middle group 
G 66.1 76.6 71.4 g 97.6 100.0 98.8 
H 72.6 88.7 80.6 h 87.1 91.9 89.5 
I 32.3 31.5 31.9 i 89.5 95.2 92.3 
J 28.2 41.1 34.7 j 84.7 92.7 88.7 
K 78.2 89.5 83.9 k 96.8 100.0 98.4 
L 41.9 52.4 47.2 l 86.3 95.2 90.8 
Mean 53.2 63.3 58.3 Mean 90.3 95.8 93.1 
Eldest group 
M 62.9 77.4 70.2 m 95.2 93.5 94.4 
N 86.3 92.7 89.5 n 98.4 100.0 99.6 
O 69.4 90.3 79.8 o 95.2 98.4 96.8 
P 89.5 94.4 91.9 p 98.4 100.0 99.2 
Q 68.5 76.6 72.6 q 96.8 96.8 96.8 
R 72.6 83.9 78.2 r 100.0 100.0 100.0 
Mean 74.9 85.9 80.4 Mean 97.3 98.1 97.8 
Note. P = participant. 
aIntelligibility scores in percentage 
 
       The overall intelligibility scores of the participants with cochlear implants ranged from 
21.8% to 91.9%, whereas that of the normal hearing group ranged from 71.8% to 100%.   
       Comparison of intelligibility of CI group and NH group.  The above descriptive 
statistics depicted that in any age range, the single-word intelligibility, connected speech 
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intelligibility and overall intelligibility of the CI group were lower than that of the NH group.  
The overall speech intelligibility of the CI group was compared with that of the NH group in 
each age range using inferential statistics.  Mann-Whitney U Test showed that the CI group 
had significantly lower intelligibility than the NH group with youngest age (U = 4.00, p 
= .026).  Intelligibility of the CI group was also lower than that of the NH group in the 
middle age group (U = .000, p = .002) as well as in the eldest age group (U = .000, p = .002).  
To sum up, the overall speech intelligibility of the CI group was statistically significantly 
lower than that of the NH group in all three age ranges.   
       Given that the overall intelligibility of CI group was lower than that of NH group in all 
three age ranges, further analysis was carried out.  Overall intelligibility of the middle CI 
group was compared to the youngest NH group.  The intelligibility of the eldest CI group was 
also compared to the youngest and middle NH group.  Table 3 showed the three comparisons 
made based on the overall intelligibility of the groups.   
Table 3.  
Comparisons of intelligibility of elder CI group and younger NH group 
Comparison CI group NH group 
1 Middle group 58.3 Youngest group 87.8 
2 Eldest group 80.4 Youngest group 87.8 
3 Eldest group 80.4 Middle group 95.8 
 
Among the three comparisons, only the overall intelligibility of the eldest CI group 
was comparable to that of the youngest NH group.  Mann-Whitney U Test revealed no 
significant difference (U = 17.00, p = .905) for the comparison.   
       Relationship between duration of device usage and speech intelligibility.  The above 
descriptive statistics also showed that single-word intelligibility, connected speech 
intelligibility and overall intelligibility of the cochlear implant users increased from youngest 
to eldest age groups.  The relationship between duration of cochlear implant usage, which 
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was the years of hearing experience, and overall speech intelligibility score was shown in the 
scatter plot in Figure 1.  A significant positive correlation was found between the duration of 
cochlear implant usage and speech intelligibility using Spearman’s rank correlation (R = .542, 
p = .020).   
             
Figure 1. Scatter plot of the duration of cochlear implant usage and overall intelligibility 
Phonological Processes and Errors 
       The phonological processes demonstrated in the speech of the participants with cochlear 
implants were summarized in Table 4.  The first six rules were used by more than ten percent 
of Cantonese-speaking children with normal-hearing ability (So & Dodd, 1995; Cheung, Ng 
& To, 2006).  They included stopping, fronting, affrication, cluster reduction, deaffrication 
and deaspiration. The following several rules in Table 4 were unusual rules for initial 
consonants.  For final consonants, two developmental and two unusual rules were identified.  
The phonological processes in the table were arranged in descending frequency (i.e. the most 
frequent rule used by the participants was placed on top of the table).  
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Table 4.  
Phonological processes used by participants with cochlear implants 
 Youngest group Middle group Eldest group 
Participants A B C D E F G H I J K L M N O P Q R 
Initial consonants                    
   Developmental processes                    
      Stopping + + + + + +   + +  + +      
      Fronting +  + +  +   + +  + +      
      Affrication   + + + +            + 
      Cluster reduction +        + +  + +      
      Deaffrication  +   +              
      Deaspiration   +                
   Unusual processes                   
      Glottalization [h] + + +   +   +   +       
      Palatalization [j]  +    +   + +  +       
      Backing +     +            + 
      Nasalization +  +   +             
      Gliding  + +                
      Aspiration          +        + 
      Initial consonant deletion +                  
      Addition           +        
Final consonants                   
   Developmental processes                   
      Fronting   + + + + + + + + +  +  + + + + 
      Deletion + + +  + +  +    + +    + + 
   Unusual processes                   
      Backing    +    + +    + +   + + 
      Addition   +       +         
Note. + equals presence of the rule. 
       Among the 18 participants in the CI group, all participants except one (94%) used at least 
one developmental phonological process.  Fourteen participants demonstrated the use of 
unusual phonological processes in their speech, which accounted for 78% of participants in 
the CI group.  Figures 2 and 3 showed the number of developmental and unusual 
phonological processes observed in each age group of initial consonants and final consonants 
respectively.  
SPEECH	  INTELLIGIBILITY	  OF	  COCHLEAR	  IMPLANT	  USERS	  
	  
18	  
                         
Figure 2. Number of phonological processes of initial consonants used by CI group  
                                          
             
 
Figure 3. Number of phonological processes of final consonants used by CI group 
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       When compared to middle and eldest CI groups, the youngest CI group used more 
developmental and unusual phonological processes governing initial consonants.  The 
number of processes used, both developmental and usual rules, decreased from youngest 
group through middle group to the eldest group.  The use of phonological processes was still 
found in the eldest CI group, who had more than seven years of hearing experience.  In all 
three age groups, unusual phonological processes of initial consonants were observed.   
       All participants in the CI group demonstrated the use of phonological processes in final 
consonants.  The numbers of developmental and unusual phonological processes used were 
similar in three age groups without a decrease with increased age.   
       Apart from the phonological processes described above, the CI group also showed errors 
in vowels, diphthongs and tones.  Table 5 summarized these errors made by the CI group.   
Table 5.  
Vowel, diphthong and tone errors made by participants with cochlear implants 
 Youngest group Middle group Eldest group 
Participants A B C D E F G H I J K L M N O P Q R 
Vowel & diphthong                   
      Vowel distortion + + +   +    +       +  
      Diphthong reduction +            +      
Tone                   
      Tone distortion  +  + + + + + + +    + + + + + 
Note. + equals presence of the rule. 
       Among 18 participants with cochlear implants, seven participants (39%) made errors in 
vowels and/ or diphthongs.  For tone, 13 out of 18 participants (72%) made errors.  The main 
error pattern was substituting contour tones (25 and 35) by level tones (55, 22 and 33).   
Discussion 
       Single-word, connected speech and overall intelligibility of 18 Cantonese-speaking 
children with cochlear implants were compared with that of 18 normal-hearing participants 
with similar years of hearing experience.  The speech intelligibility of those with shorter 
duration of cochlear implant usage was also compared to those with longer duration.  
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Phonological processes and other speech errors of cochlear implant users were analyzed to 
investigate if their decreased intelligibility was accounted by the use of non-developmental 
phonological processes.    
Comparison of Intelligibility of CI group and NH group 
       It was hypothesized that the intelligibility of cochlear implant users could be comparable 
with that of peers with normal hearing.  However, statistical analysis of the overall 
intelligibility of the two groups did not confirm the above hypothesis.  The overall 
intelligibility of cochlear implant users was significantly lower than that of the normal-
hearing peers with similar years of hearing experience of 2;10 to 8;04.  The current findings 
extended the conclusion of Chin et al. (2003) and Fung and University of Hong Kong (2007) 
that speech intelligibility of cochlear implant users, after eight years of hearing experience, 
still had a discrepancy from the normal-hearing population.  Thus, the speech intelligibility of 
the implant users was still lower than their peers at primary school age.  
       The comparison of intelligibility of elder cochlear implant users and younger children 
with normal hearing was further investigated.  Results indicated that using cochlear implant 
for around eight and a half years, intelligibility of the users was comparable with that of 
normal-hearing individuals of four and a half years old.  The finding suggested a four-year 
delay in the cochlear implant population in terms of hearing experience.  Children with 
prelinguistic hearing impairment experienced a period of auditory deprivation in their early 
age (Chin et al., 2003).  Thus, during the first few years when children with normal hearing 
developed their speech and language skills rapidly, the hearing-impaired individuals received 
limited speech and linguistic input.  Instead of considering cochlear implantation as a new 
beginning at the start of speech development and expecting for normal development, it was 
important to note that the early auditory deprivation before implantation possibly had certain 
impact which led to delay in speech development after implantation (Chin et al., 2003).    
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Relationship between duration of device usage and speech intelligibility 
       The hypothesis that the speech intelligibility of children with cochlear implants increased 
with the duration of cochlear implant usage was confirmed by statistical analysis of 
correlation.  The findings extended those of other researches in foreign languages (Allen et 
al., 1998; Chin et al., 2003; Svirsky & Chin, 2000) that after five to six years of cochlear 
implantation, the intelligibility of children still improved without reaching the ceiling or 
arriving at a plateau.  Current findings suggested that with an average of 8;04 hearing 
experience, as in the eldest group, speech intelligibility was still improving and no plateau 
was observed.  In the current study, the middle age normal hearing group with mean age of 
4;06 achieved over 90% in intelligibility score.  The finding was in line with those in foreign 
languages that children with normal hearing became fully intelligible by approximately four 
years old (Chin et al., 2003, Coplan & Gleason, 1988).  The ceiling effect was, however, not 
observed in cochlear implant users of comparable or even older age.  Similarly, in the studies 
in French and English-speaking population, it was concluded that intelligibility of cochlear 
implant users continued to progress for at least ten years after implantation (Beadle et al., 
2005; Uziel et al., 2007).  The results in the current study guaranteed the need for speech and 
auditory training at school age to support the improving intelligibility of school-age children 
with cochlear implant. 
Phonological processes and errors of CI group 
       Cochlear implant users demonstrated the use of developmental and unusual phonological 
processes as hypothesized.  All participants were shown to use phonological rules typical to 
normally developing children.  In line with the findings by So and Dodd (1994) of 
Cantonese-speaking children with hearing aids and by Flipsen and Parker (2008) of English-
speaking cochlear implant users, stopping (e.g. /sɐi35/à[tɐi35]) was observed to be among the 
most common rules used.  Over 70% of participants used at least one unusual phonological 
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process.  The use of unusual phonological processes might indicate an inadequate 
understanding of the phonological system in their native language, which was related to 
hearing impairment (So & Dodd, 1994).  The high occurrence of phonological processes used 
contributed to the decreased intelligibility of cochlear implant users.   
       For initial consonants, the use of phonological processes decreased with years of hearing 
experience, which was expected from the normal developmental trend (So & Dodd, 1995).  
Similar findings were also found in the study by Flipsen and Parker (2008) for English-
speaking population.  However, the use of phonological processes was still observed in the 
eldest group.  According to So & Dodd (1995), less than ten percent of normally developing 
children used any rule consistently from the age of four.  By six years old, almost all 
phonological processes were not shown in these typical children.  The use of developmental 
phonological processes at mean age of 8;04, as in the eldest group, might suggest 
phonological delay in cochlear implant users in relation to their years of hearing experience.  
In addition, non-developmental phonological processes were also found in children with 
cochlear implants in all age groups from mean age 2;10 to 8;04.  The idiosyncratic process 
glottalization (substitution of glottal stop for another phoneme) commonly observed in the 
current study was not found in phonologically disordered children (So & Dodd, 1994).  
However, it was commonly found in the speech of English-speaking children with hearing 
impairment (Osberger & McGarr, 1982).  Thus, glottalization was possibly an idiosyncratic 
phonological process found only in the speech of hearing-impaired individuals.  Further 
research could be conducted to verify the hypothesis.  
       Errors in final consonants were found in all participants.  This supported the findings of 
Fung and University of Hong Kong (2007) that final consonants were the most erroneous in 
the speech of children with cochlear implants.  Final consonants in Cantonese were stops that 
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had short duration and decreased energy as compared to initial consonants, which were 
possible reasons for the high error rate in the hearing-impaired population.   
       Thirty-nine percent of the cochlear implant users in the current study demonstrated 
vowel distortion and/or diphthong reduction.  In the study by Osberger and McGarr (1982) of 
hearing-impaired English-speaking children, errors in vowels and diphthongs were also 
common.  As compared to errors in consonants, however, vowel and diphthong errors were 
found in fewer participants.  It was possibly because vowels and diphthongs had longer 
duration and more energy when compared to consonants, thus they were more readily to be 
perceived (Law & So, 2006). In addition, vowels and diphthongs had lower frequency than 
consonants.  Since the cochlear implant users in the current study had higher unaided hearing 
threshold in high frequency compared to low frequency, which implied less residue hearing 
in high frequency, it was predictable that they made more errors in consonants than vowels.   
       For tone production, 13 out of 18 participants (72%) made errors.  Lee and University of 
Hong Kong (2007) also suggested that tone production by children with cochlear implants 
was significantly poorer than their normal-hearing peers.  The main error pattern was 
substituting contour tones (25 and 35) by level tones (55, 22 and 33).  It implied that cochlear 
implant users had difficulty in producing the difference in tone contour.  For normally 
developing children, all six contrastive tones should be acquired by the age of two (So & 
Dodd, 1995).  Perception of tone depended on fundamental frequency.  The existence of tonal 
errors in all age groups suggested a chance of the cochlear implant device not transmitting the 
exact fundamental frequency in the given electrodes to the users.  Since Cantonese was a 
tonal language, where tone conveyed lexical meaning and thus carried heavy functional load 
(So & Dodd, 1995), tonal perception and production were important for Cantonese-speaking 
children to acquire.  The decrease in intelligibility might also be accounted by errors in tones.  
Advancement in technology and early intensive training would be recommended.   
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Clinical implication 
       When cochlear implant users were compared to the severe-to-profoundly hearing-
impaired individuals without the device in the past, their speech intelligibility improved 
greatly (Flipsen, 2008).  Thus, cochlear implantation was beneficial to those with severe or 
profound hearing loss in terms of speech intelligibility.  Since intelligibility of cochlear 
implant users was lower than normal-hearing peers at mean years of hearing experience being 
8;04, and that improvement in intelligibility was observed without plateau, cochlear implant 
users might highly possibly be beneficial from speech and auditory training at primary school 
or even secondary school.  Given the presence of non-developmental phonological processes 
even at 8;04 of hearing age, treatment would be needed since these processes were less likely 
to normalize without intervention (Dodd & Iacano, 1989).  In addition, given the high 
occurrence of errors in final consonants and tones, treatment for the cochlear implant 
population could focus on final consonants and tones.  Also, as intelligibility increased with 
the duration of device use, early cochlear implantation and intensive auditory training were 
recommended. Early implantation and longer device use also maximized the potential in 
speech perception and production, specifically in phonological ability and auditory skills 
(Flipsen, 2008; Peng, Weiss, Cheung & Lin, 2004; Robbins, Koch, Osberger, Zimmerman-
Phillips & Kishon-Rabin, 2004; Tang and University of Hong Kong, 2007), as well as 
enhanced expressive language growth (Tomblin, Barker, Spencer, Zhang & Gantz, 2005).  
Last but not least, with the advancement of technology, it was hoped that cochlear implants 
could provide stimulation of a wide range and detailed frequency for better tone perception 
and production in users.    
Limitations of the current study and suggestions for further research 
       Cochlear implant users with hearing age around 8;04 still demonstrated lower speech 
intelligibility than normal hearing individuals with comparable years of hearing experience.  
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Since speech intelligibility increased with the duration of implant use, it was possible that 
children with cochlear implants with longer years of hearing experience would have 
comparable intelligibility with the normal hearing peers (Flipsen, 2008).  Further research 
can target cochlear implant users with longer duration of device use to determine when, if 
any, cochlear implant users are able to achieve similar level of speech intelligibility that four-
year-old children with normal hearing achieve. Larger sample size with balanced sex should 
be targeted to reflect a better picture of the speech intelligibility of cochlear implant users.   
Conclusion 
       Speech intelligibility of cochlear implant users with around two to nine years of hearing 
experience was documented.  The research indicated that children with cochlear implants 
were on average less intelligible than normal hearing children with comparable hearing age.  
Yet, intelligibility increased with longer use of the device.  Developmental and non-
developmental phonological rules were observed in cochlear implant users at all ages.  
Cochlear implant users tended to err most in final consonants, with persisting errors in 
vowels, diphthongs and tones as well.  Future development of cochlear implants should 
examine ways to improve tone perception for users of tonal language, with continuing speech 
and auditory training focusing on final consonants and tones to facilitate cochlear implant 
users to gain intelligibility.  
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Appendix A  
Single-word List (So, 1993) 
Item Word Transcription 
1 眼 /ŋan23/ 
2 襪 /mɐt22/ 
3 脷 /lei22/ 
4 鈕 /nɐu35/ 
5 餅 /pɛŋ35/ 
6 水 /sɵy35/ 
7 琴 /khɐm21/ 
8 碗 /wun35/ 
9 蕉 /tsiu55/ 
10 雞 /kɐi55/ 
11 檯 /thɔi35/ 
12 裙 /kwhɐn21/ 
13 花 /fa55/ 
14 蘋果 /phɪŋ21 kwɔ35/ 
15 西瓜 /sɐi55 kwa55/ 
16 刀 /tou55/ 
17 貓 /mau55/ 
18 魚 /jy35/ 
19 床 /tshɔŋ21/ 
20 巴士 /pa55 si35/ 
21 鴨 /ap33/ 
22 龜 /kwɐi55/ 
23 筷子 /fai33 tsi35/ 
24 鞋 /hai21/ 
25 電話 /tin22 wa35/ 
26 糖 /thɔŋ35/ 
27 腳板 /kœk33 pan35/ 
28 杯 /pui55/ 
29 洗面 /sɐi35 min22/ 
30 粥 /tsʊk55/ 
31 耳 /ji23/ 
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Appendix B 
Sentence List 
Item Sentence Transcription 
1 貓仔食魚 /mau55 tsɐi35 sɪk22 jy35/ 
2 蘋果同蕉 /phɪŋ21 kwɔ35 thʊŋ21 tsiu55/ 
3 洗面刷牙 /sɐi35 min22 tshat33 ŋa21/ 
4 放餅喺檯 /fɔŋ33 pɛŋ35 hɐi35 thɔi35/ 
5 姐姐食糖 /tsɛ21 tsɛ55 sɪk22 thɔŋ35/ 
6 烏龜游水 /wu55 kwɐi55 jɐu21 sɵy35/ 
7 杯同筷子 /pui55 thʊŋ21 fai33 tsi35/ 
8 婆婆打電話 /phɔ21 phɔ35 ta35 tin22 wa35/ 
9 著襪著鞋 /tsœk33 mɐt22 tsœk33 hai21/ 
10 食一碗粥 /sɪk22 jɐt55 wun35 tsʊk55/ 
11 用刀切西瓜 /jʊŋ22 tou55 tshit33 sɐi55 kwa55/ 
12 妹妹彈琴 /mui21 mui35 than21 khɐm21/ 
13 鴨有腳板 /ap33 jɐu23 kœk33 pan35/ 
14 上床瞓覺 /sœŋ23 tshɔŋ21 fɐn33 kau33/ 
15 姐姐搭巴士 /tsɛ21 tsɛ55 tap33 pa55 si35/ 
16 脷同耳仔 /lei22 thʊŋ21 ji23 tsɐi35/ 
17 裙仔有鈕 /kwhɐn21 tsɐi35 jɐu23 nɐu35/ 
18 雞有眼睛 /kɐi55 jɐu23 ŋan23 tsɪŋ55/ 
19 送花俾媽媽 /sʊŋ33 fa55 pei35 ma21 ma55/ 
Note. The target words were underlined 
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Appendix C 
Listener’s Rating Sheet 
聆聽者記錄表  
1. 請寫下你聽到的字詞或句子 
2. 如沒有吻合的中文字，請寫下英文拼音 
3. 如沒有吻合的中文或英文字，請以 “X”  表示 
 
 
.     . 
.    . 
.    . 
 
1  24  
2  25  
3  26  
4  27  
5  28  
6  29  
7  30  
8  31  
9  32  
277  299  
278  300  
279  完  
